Cytochrome P-450-catalyzed hydroxylation and carboxylic acid ester cleavage of Hantzsch pyridine esters.
Cytochrome P-450 (P-450)-catalyzed oxidation of 2,6-dimethyl-4-phenyl-3,5-pyridinedicarboxylic acid diethyl ester gives rise to 2,6-dimethyl-4-phenyl-3,5-pyridinedicarboxylic acid monoethyl ester and to 2-hydroxymethyl-6-methyl-4-phenyl-3,5-pyridinedicarboxylic acid diethyl ester, identified in this work. A pyridine hydroxymethyl diester of the sort of the latter compound is novel; under acidic or dehydrating conditions the diester is readily converted to a cyclic lactone (2-hydroxymethyl-6-methyl-4-phenyl-3,5-pyridinedicarboxylic acid 5-ethyl ester lactone). 2,6-Dimethyl-4-phenyl-3,5-pyridinedicarboxylic acid monoethyl ester was not hydroxylated to form this hydroxymethyl compound or lactone, but 1,4-dihydro-2-hydroxymethyl-4-phenyl-6-methyl-3,5-pyridinedicarboxyli c acid diethyl ester was enzymatically oxidized to give both products. The rates of oxidative carboxylic ester cleavage and methyl hydroxylation varied among individual forms of P-450 tested. Experiments with 2H and 3H labels were used to estimate an intrinsic kinetic deuterium isotope effect of 15 for ethyl ester cleavage by rat liver P-450PB-B in a reconstituted system. Rat liver microsomal systems showed kinetic deuterium and tritium isotope effects of 8 and 11, respectively, and this deuterium isotope effect was not attenuated in either intra- or intermolecular competitive experiments. When deuterium was present in the ethyl (ester) groups, increases in the rate of 2-methyl hydroxylation were observed in rat liver microsomes and with purified P-450 beta NF-B (but not with P-450PB-B). Deuteration of the methyl groups gave rise to kinetic isotope effects of 7-11, but no increases were seen in the rates of ester cleavage. These studies and those on rates of substrate disappearance indicate that isotopically sensitive branching (metabolic switching) observed in these systems is not necessarily bidirectional.